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ELICITOR OF THE HYPERSENSITIVE RESPONSE IN PLANTS 

Partial support for the research which led to the making of the 
present invention was provided by funds from the United States 
Department of Agriculture. Accordingly, the United States government 
has certain statutory rights to this invention under 35 USC 200 et seq. 

Plants, as well as humans and animals, suffer injury and losses 
due to infection by bacteria. On a worldwide basis, bacteria classified 
in the genera Erwinia. Pseudomonas and Xanthomonas are responsible 
for most losses due to bacterial plant pathogens. Many of the bacterial 
diseases of plants cause farmers great losses on a sporadic basis. The 
losses result from death/ disfigurement or reduced productivity of 

affected plants. 

Many bacterial pathogens of plants exhibit a marked degree of 
specificity towards the plants that they infect. For example, Erwinia 
amylovora infects apples, pears and related plants of the family 
Rosaceae. Other plants do not become diseased when exposed to E. 
amylovora. However, when sufficient cells of E. amylovora are 
introduced into leaf tissue of the other plants, the mesophyll tissue 
collapses within hours. This collapse has been called the 
hypersensitive response (HR), and it is considered a defense reaction of 
plants since, during the HR, the bacteria are delimited within the 
collapsed tissue, eventually die, and thus do not cause much damage to 
the plant as a whole. 

The genes that bacterial plant pathogens require for HR-eliciting 
ability, are called hrp genes, for hypersensitive paction and 
pathogenicity, are also required for causing disease. However, the 
products of hrp genes and how they function in elicitation of the HR, and 
in disease development, remained unknown prior to the present 
invention. The present invention concerns products of hrp genes 
(elicitors) that are responsible for the collapse seen in the HR and are 
required for disease development. 

Interactions between bacterial pathogens and their plant hosts 
generally fall into two categories: (1) compatible (pathogen-host), 
leading to intercellular bacterial growth, symptom development and 
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disease development in the host plant; and (2) incompatible (pathogen- 
nonhost), resulting in the hypersensitive response, a particular type of 
incompatible interaction occurring, without progressive disease 
symptoms. During compatible interactions on host plants, bacterial 
populations increase dramatically and progressive symptoms occur; 
during incompatible interactions bacterial populations do not increase, 
and progressive symptoms do not occur. 

The hypersensitive response of higher plants is characterized by 
the rapid, localized collapse and death of tissues containing an 
incompatible pathogen (a microorganism that is pathogenic only on 
other plants) and is associated with the defense of plants against many 
bacteria, fungi, nematodes, and viruses (see Phyiopathogenic 
Prokaryotes, (M.S. Mount and G.H. Lacy eds.) Academic Press. New York, 
pp 149-177 (1982)]. Elicitation of the hypersensitive response by 
bacteria was first demonstrated in 1963 when the intercellular spaces 
of tobacco leaves were infiltrated with 10 7 pells/ml of an 
incompatible pathogen. The infiltrated areas collapsed within 24-48 
hours and ceased to support bacterial multiplication [see Nature 
199:299 (1963)]. Thus, in the HR, the pathogen is localized and further 
growth is restricted. 

The technique used in the laboratory to demonstrate the HR is 
straight-forward. The intercellular spaces of tobacco leaves are 
infiltrated by first puncturing a sector on a leaf with a common 
straight dissecting needle. Then a 1-ml capacity syringe (without a 
needle), containing 0.1-0.5 ml of a bacterial cell suspension (usually 
10?-10 8 viable cells/ml) of bacteria is pressed against one side of the 
leaf directly over the puncture. While pressing a finger on the opposite 
side of the leaf to stabilize it and to prevent liquid from leaking out of 
the punctured area, the syringe plunger js pressed gently to introduce 
the bacterial suspension into the leaf. Infiltration is considered 
successful when a water-soaked area approximately 1-4 cm 2 appears 
in the leaf. 

A common hypothesis proposed to explain the mechanism of 
hypersensitive reaction induction involves the production by bacteria of 
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a specific elicitor that reacts with a specific receptor on the plant 
cell. However, the molecular basis (gene and gene product) for this 
response to potential pathogens had been uriknown prior to the present 
invention in spite of continued research by plant pathologists since the 
HR first was described in 1963. 

Physiological and genetic observations suggest that the same 
bacterial factor that elicits the hypersensitive response in nonhosts is 
also required for pathogenicity in hosts. 

Production of the elicitor of the hypersensitive response is 
controlled by a cluster of several hrp genes, which are highly 
conserved, and often interchangeable, among many species of plant 
pathogenic bacteria. Although individual and several hrp genes have 
been cloned by others, functional clusters of hrp genes have been cloned 
only from Erwina amylovora and Pseudomonas syringae . These clusters 
have been shown to confer on nonpathogenic bacteria the ability to 
elicit the hypersensitive response in tobacco and other leaves [see Mol. 
PlanWrficrobe Interact. 4:132 (1991); J. Bacteriol 170:4748 (1988); and 
Beer et'al.. Advances in Molecular Genetics of Plant-Microbe 
Interactions' (H. Hennecke and D.P.S. Verma eds.) Kluwer Academic 
Publishers. Boston, pp 53-60 (1991)]. 

The elicitor. according to the present invention, was initially 
isolated and purified from £ coli PH5o(pCPP430). and later from a 
wild-type strain of £ amylovora, the bacterium that causes a disease 
of rosaceous plants, such as apple and pear, known as fire blight. 
According to the present invention, the name "harpin" is proposed for 
the hypersensitive response elicitor from £ amylovora; this elicitor is 
considered to be the archetype for a family of proteinaceous HR 
elicitors that are produced by many different phytopathogenic bacteria. 

It is thus one aspect of this present invention to describe 
specific elicitor proteins isolated from bacteria, which when applied to 
nonhost plants, cause a toxic response that is similar to the response 
elicited by living cells of the bacteria that produced the proteins. A 
further aspect of this present invention is to isolate and describe the 
genes that encode the elicitor proteins, which might be used to cause 
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plants or other organisms to produce elicitor protein, which would 
exert its toxic effects in a precise controlled manner. 

A further aspect of this present invention is to provide sufficient 
characterization, and identification of these proteins to allow design 
and development of techniques that will inactivate, destroy, or b.nd 
with these proteins. This aspect is desirable because it is known the 
same proteins are required by the bacteria that produce them in order 
to cause disease in host plants of the bacteria. Neutralizing the tox.c 
effects of the proteins neutralizes their roles in disease and reduces 

disease in plants. ■ 

A still further aspect of the present invention is to develop 
antibodies against these proteins, sequence the antibodies produced, 
construct nucleic acid sequences which when inserted properly into the 
genome of a plant would cause the plant to express the antibody and 
thus prevent bacteria from causing disease in plants. 

One portion of the present invention is based on the 
identification of a particular hrp gene of the hrp gene cluster of 
Erwinia amylovora. That particular gene is transcribed and translated 
to yield the proteinaceous elicitor of the of the hypersensitive 
response. Another portion of the present invention deals with the 
identification of homologous genes from Erwinia, Xanthomonas, and 
Pseudomonas species that encode similar proteins to the HR elicitor 
from £. amylovora. Prior to the making of the present invention, the 
isolation of a proteinaceous elicitor of the hypersensitive response had 
not been reported. Thus, another portion of the present invention is a 
description of techniques for isolation and purification of a 
proteinaceous elicitor of the hypersensitive response. An additional 
portion of this invention concerns the genetic manipulation of the genes 
encoding the HR-elicitor proteins to enhance production of harpin. 

Therefore, it may be summarized that the various portions and 
aspects of the present invention relate to providing prophylaxis against 
Erwinia amylovora. the causative agent of fire blight of apple, pear, and 
other rosaceous plants. In addition, the present invention broadly 
relates to providing prophylaxis to bacteria of the genera Erwinia, 
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Psaudomonas and Xanthomonas which cause other diseases of a variety 
of plants. 

In order to provide a clear understanding of the present invention, 
the following terms relating to the bacterial strains, cosmids and 
plasmids referred to in the description of the present invention are 
provided. 



DH5cc 
Ea321 

Ea321T143 



Ea321K49 



Ea321T5 



pCPP9 
pCPP430 



A laboratory strain of Escherichia coli used 
routinely for cloning; 

Wild-type strain of Erwinia amylovora from which 
all mutants and clones were derived; 
Hrp mutant containing transposon Tn5 that was 
used to screen a cosmid library (in pCPP9 vector) 
for restoration of Hrp function. This screening 
resulted in the identification of cosmid pCPP430. 
(This mutant has an insertion in one of the hrp 
genes, not hrpN; the effect of the insertion is to 
prevent expression of harpin by mutagenesis of the 
operon). 

Hrp mutant containing the Tn10mini-kan 
transposon which is inserted in an hrp gene 
involved in regulation of harpin production. 
Hrp mutant containing the hrpN gene that was 
mutagenized with the Tn5tac1 nonpolar transposon. 
(This mutant of Ea321 has an insertion in the gene 
that encodes harpin). 

A cosmid vector constructed for the cloning of DNA 
of E. amylovora. The vector portion of pCPP430. 
Cosmid containing 46.5 kb of Ea321 DNA that 
includes the whole hrp gene cluster of Ea321. This 
cosmid bestows on £ coli the ability to elicit the 
HR, and restore the Hrp phenotype to all Hrp 
mutants of E. amylovora. Clone from which hrpN 
was derived. 
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PCPP1084 Plasmid containing a 1.3 kb HindM fragment from 

pCPP430, which includes the whole hrpN (1155 
base pairs). The vector is pBluescript M13+. 
P CPP50 A plasmid developed by modifying plNlllH3-A2 of 

Masui et al. (Bio/Technology, January 1984 pp. 
81-65). A fragment of the original was deleted and 
a fragment from pBluescript was inserted. The 
modifications were made to create a vector more 
suitable for harpin production. 
PCPP2139 Plasmid that when in £ coli results in super- 

production of harpin. Constructed by cloning the 
hrpN gene from pCPP430 into pCPP50. 
pBluescript M13+ A plasmid routinely used for subcloning and 
sequencing of DNA. Used also for in vitro 
expression of protein from cloned DNA. 
In addition, these and other terms used throughout this 
description may be found in Molecular Plant-Microbe Interactions 
4(5):493 (1991) and Advances in Molecular Genetics of Plant-Microbes 

Interaction 1:53 (1991). 

Both £ coli DH5a(pCPP10B4) and £ amylovora Ea321 have been 
deposited with the American Type Culture Collection in Rockville. 
Maryland. Their deposit number are ATCC 69021 and ATCC 49947, 
respectively. The deposit of ATCC 69021 has been made under the 
Budapest Treaty, and cultures will be made available in accordance 
with the provisions of this treaty. 

The various aspects regarding the identification, isolation, 
purification and characterization of the HR elicitor and gene according 
to the present invention can be more clearly understood from the 
following figures and examples, all of which are provided for purposes 
of clarifying the present invention and not for limiting the scope 

thereof. . 
Figure 1 is a restriction endonuclease map of the hrp cluster ot 

Erwinia amylovora; and 
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Figure 2 depicts the changes in pH of a bathing solution ot 
tobacco cell-suspension cultures. 

More particularly, figure 1 represents the restriction 
endonuclease map of the hrp cluster of Ewinia amylovora in which "E" 
designates EcoH\, "H' designates HindU, and "B" designates Ba/nHI 
restriction sites. The vertical lines indicate the location of transposon 
insertions that have been tested for their effects on the ability to 
elicit the HR and to be pathogenic on pear. Metabolically active cells of 
Erwinia amylovora Ea321 [see Molecular Plant-Microbe Interactions 
1(3):135 (1988)1 and E. coli DH5a(pCPP430) with all indicated 
insertions fail to elicit the hypersensitive reaction in tobacco. The 
region encompassed by all indicated insertions is essential also for the 
elicitation of a K+/H+ exchange reaction of tobacco cell suspension 
cultures. Derivatives of Ea321 containing all the indicated insertions 
are not pathogenic to pear. 

More particularly in respect to Figure 2, the control values (no 
additive) were subtracted prior to graphing. Open squares depict harpin 
(60 nM); open circles depict cells of £ coli DH5o(pCPP430) (5 x 10? 
cells/ml); filled squares depict cells of E. amylovora Ea321 (5 x 10? 
cells/ml; triangles depict cells of £ coli DH5a(pCPP430K49) (5 x 10? 
cells/ml); diamonds depict cells of £ amylovora Ea321K49 (5 x 10? 
cells/ml); and filled circles depict cells of £ coli DH5a(pCPP9) (5 x 
10 7 cells/ml). Tobacco cell-suspension cultures were shaken at room 
temperature with the indicated preparations. The pH was measured at 
the intervals indicated. All preparations that elicited HR in tobacco 
leaves also caused a pH increase in the tobacco cell-suspension culture 
medium. 

EXAMPLE I 

Plasmid pCPP430 was identified from a library of genomic DNA 
of the wild-type strain of £ amylovora, known in our laboratory as 
Ea321, and has been deposited in the American Type Culture Collection 
as 49947. The strain was received in 1978 from the French National 
Collection of Phytopathogenic bacteria, in which it is known as CNFB 
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1367. Genomic DNA was isolated and digested with Sau3A, ligated into 
the cosmid vector of pCPP9 previously digested with BamHI, packaged 
and transfected into £ coli strain ED8767 according to procedures 
previously described (see Mol. Plant-Microbe Int. 1:135 (1988)]. The 
resulting cosmids were mobilized into strains by conjugation with the 
aid of the helper plasmid pRK2013 [Bauer, D.W., Molecular genetics of 
pathogenicity of Erwinia amylovora: techniques, tools and their 
application. Ph.D. thesis. Cornell University, Ithaca, NY (1989)]. 

The resulting library was diluted and spread on plates of nutrient 
agar containing both spectinomycin and kanamycin 50 ugm/ml final 
concentration: Plates containing about 500 colonies, after incubation 
at 37° for 24 hr, were selected when the diameter of each colony was 
0.5-1.0 mm. The colonies from these plates were replica-stamped onto 
plates containing Luria-Bertani agar (LA) on which 0.1 ml of a 
suspension of strain Ea321T143 previously had been spread. 
Ea321T143 is a TnlO-induced Hrp" mutant strain of Ea321; it is not 
pathogenic to pear fruit and does not elicit the HR in tobacco and other 
plants. It had been grown to O.D.620=1-3 « n Luria 
broth plus tetracycline (10 ugm/ml). The LA plates were incubated for 
5 hr at 28°C and the growth on these plates were replica-plated on to a 
minimal medium for the growth of Erwinia amylovora, which contained 
glucose 2 g/l, asparagine 1.5 g/l. sodium citrate 0.25 g/l. MgSp4 5 
mg/l, nicotinic acid 0.25 g/l, (NH4)2S04 1 g/l, K2HPO4 3.51 g/l. 
KH2PO4 1.51 g/l, and 50 mg/l spectinomycin and 10 mg/l tetracycline. 
This procedure selected transconjugants of Ea321Tl43 which contained 
various cosmids of the Ea321 library. After 48 hr of incubation at 
28°C, freshly cut slices of immature pear fruit were pressed onto the 
surface of each plate of transconjugants such that all colonies beneath 
the pear-slice came in contact with pear tissue. The pear slices were 
inverted, incubated in plastic boxes lined with well-moistened paper 
towels and observed daily for up to 5 days for the presence of droplets 
of ooze. The immature pear fruit had been harvested approximately 6 
weeks following bloom, from trees of Pyrus communis cm. Bartlett. The 
fruits were 2-4 cm in diameter, and they were stored at 0-2°C until 
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used. Ooze as used in this description of the present invention, is a 
mixture of plant and bacterial products that consists largely of living 

bacterial cells. 

The ooze was dilution-streaked on plates of E amylovora- 
minimal medium with 50ug/ml spectinomycin and 10 ugm/ml 
tetracycline, incubated for 2 days at 28°C and individual colonies were 
picked with sterile toothpicks, propagated on a fresh plate of Ea 
minimal agar + 50 ug/ml spectinomycin and 10 ugm/ml tetracycline 
and retested for pathogenicity. Freshly cut pear fruit tissue was 
stabbed with toothpicks contaminated with the strains to be tested. 
Cosmids from those colonies which caused disease on pear fruit were 
remobilized into DH5a from Ea321T143 by combining 0.5 aliquots of 
overnight LB + antibiotic cultures of DH5a, the Ea321T143 path+ 
transconjugant (the strain of Ea321T143 containing the cosmid which 
bestowed on Ea321T143 the ability to cause disease), and pRK2013, the 
helper plasmid. The combination was mixed thoroughly, centrifuged, 
and ttie pellet suspended in 150 ul of L broth, without antibiotics. The 
pellet was thoroughly resuspended and 0.1 ml drops were placed on LA 
plates, allowed to soak into the agar without spreading, and then the 
plates were incubated at 28°C for 5 hr. After incubation, the spotted 
growth was resuspended in 1 ml of 5 mM potassium phosphate buffer, 
pH 6.5, and 0.1 aliquots were spread onto plates of LA + 50 ug/ml 
spectinomycin and 20 ug/ml Naladixic acid, which were then incubated 
for 48 hr at 37°C. Colonies were simultaneously transferred with 
toothpicks to plates of LA + 50 ug/ml spectinomycin and LA + Km. 
Those colonies that grew.only.on the 50 ug/ml spectinomycin plates, 
indicating loss of the helper plasmid pRK2013 (Km r ) were chosen for 
preservation by freezing and for further study. 

To determine if the same cosmid that restored pathogenicity to 
pear, hereinafter referred to as pCPP430. also affected the reaction of 
Ea321T143 on tobacco, suspensions were Infiltrated into tobacco leaf 
sectors. The effect of pCPP430, maintained in £ coll DH5a was tested 
in tobacco. The strain was grown to OD 6 20 0-4-0.6 (approximately 10^ 
cfu/ml) in Luria broth + 50 ug/ml spectinomycin. The culture was 
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centrifuged (12,000 x g for 1 minute), resuspended in 5 mM phosphate 
buffer pH 6.5, to the original volume and infiltrated into tobacco leaves. 
Collapse of the tissue occurred within 8 hrs. No collapse was observed 
when cells of DH5a(alone) or DH5a(pCPP9) were infiltrated into tobacco 
leaves. Thus, we concluded that pCPP430, containing particular DNA of 
Ea321 enabled £ coli DH5ato cause the HR reaction and that pCPP430 
contained all the genes necessary for this reaction. 

The hrp gene from £ amylovora contained in the cosmid pCPP430, 
is particularly well expressed in Escherichia coli [see Advances in 
Molecular Genetics of Plant-Microbe Interactions, supra; 
Phytopathology 79:1166 (1989); and Mol. Plant-Microbe Interactions 
4(5):493 (1991)]- Usually de novo RNA and protein synthesis was 
required for Ea321 to elicit the HR. However E. co//(pCPP430) and 
Ea321(pCPP430) are able to elicit the HR in the presence of bacterial 
transcriptional or translational inhibitors such as rifampicin and 
tetracycline. This indicated that the HR elicitor was present in/on 
cells of £ coli DH5a(pCPP430) before tobacco leaves were infiltrated 

with the bacteria. 

The search for the HR elicitor began by infiltrating tobacco 
leaves with the cell-tree culture supernatants of £ amylovora Ea321, 
Ea321(pCPP430) or £ coli DH5a(pCPP430). The supernatants were 
produced by growing each strain in LB broth with the appropriate 
antibiotic to late log phase (O.D.620 = ca. 1.0). As we expected, based 
upon the experience of other workers [see Phytopathology 57:322 
(1967)], no hypersensitive response occurred. 

Strain Ea321(pCPP430) was created by the following procedure: 

EXAMPLE II 

Strains Ea321, £ coli DH5a(pCPP430) and £ coli DH5a(pRK2013) 
were grown overnight in LB broth containing respectively, no antibiotic. 
50 ug/ml spectinomycin. or Km50. The next morning 0.5 ml aliquots of 
each strain were combined in a microcentrifuge tube, centrifuged for 2 
min and resuspended in 0.15 ml of Luria broth (no antibiotics). A 0.1 ml 
aliquot of this suspension was spotted on Luria agar (no antibiotics) 
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and incubated .or S hr at 2TC. The growth from this > spot was 
resuspended in 1 ml o. 5 mM potassium phosphate butter P H I 6.5 and 0.1 
m , aUouots were spread on plates o. £ amytoora 
containing 50 ug/m. specunomycin to se.ec, .or strain o Ea32, 
harboring pCPP430. Plates were incubated for 2-3 days a, 28 C 
.ndividual colonies were toothoicked simultaneously to »««* 
Medium containing 50 ug/ml spectinomycin and to minima, medium 
Tlilg KmSO On.y those colonies that grew on me medrum w,.h SO 
T fl r ; ectinomycin (indicating seiection o. pCPP430> bu, no. or, «, e 
Idium with Km50 (indicating loss ol .he helper plasmrd pRKaOtS) 
were selected lor iurther study. 

Although cell-.ree cuUure superna.an.s o. a.. baCena used 
.ailed .o elicit the hypersensitive response, preparations o. certain 
cells in a new manner resulted in celWree preparers .ha. elrc.ed a 
strong hypersensitive response within 12 hours that was 

dZguTshable trom tha, elicited » »«°^ >™ 
cells from which the preparations were made. The alienor ol the 
h relnshive response was isolated. puri.ied and character trom 
this cell-tree alienor preparation (CFEP) according to Examp.e III. 

The isolation ot CFEP containing hatpin from E. col* 
DH5a(pcPP430) according to the present invention Is desenbed in the 

following example: 

EXAMPLE III 

Cells of £ coli DH5a( P CPP430) were grown in Luria-Bertani (LB) 
medium to OD 6 2(H>.8, collected by centrilugation and resuspended ,n 
one tenth the original volume of 5 mM potassium phosphate buffer. P H 
6 5 with 0.1 mM phenylmethylsulfonyl fluoride (PMSF), a senne 
protease inhibitor. The cells were then disrupted by sonication us.ng a 
Sonicator Ultrasonic Cell Disrupter* (Heat System-Ultrason.cs) a a 
power output of 4. and the pulsar cycle timer set to 40% duty cycle 
(under these conditions, 10 ml of bacterial suspension were somcated 
for 10 min on ice). After the debris from sonication were removed by 
centrifuging at 12,000 x g for 1 hour, the supernatant liquid was 
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filtered through a 0.2 \im pore-size membrane filter to remove any 
remaining intact cells. The resulting preparation, at dilutions up to 
about 1:10, was able to elicit the hypersensitive response in tobacco 
leaves. The CFEP contained the intracellular material from a culture of 
OD620=0-4> the same density of living cells, of £ colt required tor 
elicitation of the hypersensitive response. 

The purification of harpin according to the present example is 
described in the following example: 

EXAMPLE IV 

Initial experiments using the preparation obtained from Example 
III indicated that the HR-eliciting activity was heat stable and 
proteinaceous in nature. The preparation retained HR-eliciting activity 
as determined by infiltration of tobacco leaves as described previously 
following incubation overnight at 65°C. However, unless PMSF. the 
serine protease inhibitor, had been added during preparation, all HR- 
eliciting activity was lost after 3 hours at 37°C or 6-8 hours at 4°C. 
Incubation of the preparation with Pronase E (Sigma) at 100 ng/ml, for 
1 hour at 37°C destroyed any elicitor activity. 

The advantage of the heat stability of the elicitor preparation 
was used to aid in further purification of the elicitor. Only a limited 
number of proteins remained after holding the elicitor preparation of 
Example III in a boiling water bath for 10 minutes and subsequent 
removal of the insoluble material by centrifugation. One band, 
corresponding to 44 kD, was prominent following electrophoresis of the 
heated Example III preparation on SDS-polyacrylamide (10% SDS-PAGE 
gels were prepared and used according to instructions of the supplier, 
Hoeffer Scientific Instruments; protein in the gels was stained with 
0.025% Coomassie Blue R-250 for 30 min and destained with 50% 
methanol and 10% acetic acid solution) gels- A band of this mobility 
was uniquely present in all preparations with HR-eliciting activity: 
Following resolution of the Example III preparation on an isoelectric- 
focusing granulated gel bed or by ion-exchange chromatography the 
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fractions with HR-eliciting activity always contained a protein that 
corresponded to 44kD in molecular size with a pi of 4.0 to 4.5. 

To accomplish further purification of harpin, several separation 
techniques were applied to CFEPs prepared as discussed in Example III. 
Before each step CFEP was heated in a boiling water bath for 10 
minutes, pooled to 25-30°C and centrifuged for 10 min at 12,000 x g. 
The supernatant liquid was retained and filtered through a 0.2 jim pore 
size filtration membrane (Millipore, MF). 

The heat-treated CFEP was bound to an anion exchange resin 
(Whatman DE-52) and eluted stepwise with increasing amounts of KCI 
in 5 mM potassium phosphate buffer, pH 6.5. Harpin was eluted from the 
column by buffer containing 90 mM KCI. The presence of harpin was 
determined by infiltration of tobacco leaf sectors with elements from 
the column that had been concentrated to 50% of the initial volume. In 
addition, fractions were electrophoresed in SDS-PAGE gels according to 
standard procedures. Final purification was accomplished by High 
Pressure Liquid Chromatography (HPLC)- Preparations purified by ion- 
exchange chromatography were adjusted to pH 2 by the addition of 
acetic acid and, following centrifugation to remove any precipitates, 
were applied to a reverse-phase HPLC prepacked column (YMC AQ-303). 
The column was eluted with a gradient of 10-70% acetonitrile at pH 2 
in 0.25% w/v trifluoroacetic acid. Detection of protein was by 
absorption of light from 190 nm to 300 nm. Each 0.25 ml fraction was 
tested for ability to elicit the HR by infiltration of tobacco leaf 
sectors. 

The granulated gel bed used for the resolution of the Example ill 
preparation was prepared with Bio-lyte™ (Bio-Bad Laboratories) as 
recommended by the manufacturer Wide-range ampholytes, pH 3-10 
(Sigma) were used at a final concentration in the slurry of 2%. 
Electrode solutions were 1M H3PO4 (anode) and 1M NaOH (cathode). 

To determine whether the prominent 44 KD protein ("harpin") band 
present in all HR-eliciting samples, had elicitor activity, the 
appropriate unstained region of a preparative SDS-gel was cut and 
electroeluted with buffer lacking SDS. The eluted protein (200 ng/ml) 
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was dialyzed overnight against 2 liters of 5 mM potassium phosphate 
buffer pH 6.5, containing 0.1 mM phenylmethyl sulfonyl fluoride. At 
concentrations *500 nM <*25 ug/ml). harpin elicited the hypersensitive 
response in leaves of all plants tested, including tobacco, tomato, and 

Arabidopsis thaliana. 

Subsequent experimentation confirmed that harpin was protease 
sensitive, heat-stable, and acidic. Treatment of harpin with protease 
abolished HR-eliciting ability and eliminated the 44 kD protein band 
from SDS polyacrylamide gels. However, when harpin was incubated 
with protease that had been held at 100°C for 10 min to inactivate the 
enzyme, the preparation retained HR-eliciting activity. When active 
protease was present in the infiltration mixture, no hypersensitive 
response developed. However, infiltration of tobacco leaves with 
active or heat-inactivated protease alone did not result in any 
macroscopic symptoms. Harpin retained its HR-eliciting activity 
following heating in a boiling water bath for 10 min. Purified harpin 
from an SDS gel had a pi of 4.3 as determined by resolution on thin- 
layer' isoelectrofocusing gels using conventional techniques. 

The subcellular location of harpin according to the present 
invention is described in the following example: 

EXAMPLE V 

The location of harpin on the organism's cell surface was 
suggested by the following observations: (i) the supernatant of E. 
amylovora Ea321(pCPP430) or £ coli DH5a(pCPP430) did not elicit the 
hypersensitive response, indicating that harpin is not secreted into the 
medium but rather is present in or on the bacteria ; (ii) following 
incubation at 37°C for 5 min of whole cells of Ea321(pCPP430) and E. 
coli DH5a(pCPP430) with 40 and 80 ug/ml of protease, respectively, 
and with 40 ug/ml tetracycline to halt the continued production of 
harpin. the bacteria failed to elicit a hypersensitive response. When 0.5 
mM of PMSF. the protease inhibitor, was included in the above 
incubation mixture, the bacteria elicited the hypersensitive response; 
PMSF apparently protected harpin from inactivation by protease. 
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(Infiltration of tobacco leaves with PMSF or tetracycline alone had no 
effect, indicating that neither compound functions independently in 
causing HR); <■■■) treatment of bacteria with increasing amounts of 
protease resulted in decreased ability to elicit the hypersensitive 
response which correlates well with the disappearance of harpin from 
SDS gels in which preparations from the prp tease -treated bacteria had 
been e|ectrophoresed pable 1] : (j v ) following centrifugation of the 
Example III preparation at 105,000 x g for 1 hr, most HR-eliciting 
activity was found in the supernatant liquid, however, when 30 mM 
MgCl2, a membrane stabilizer, was added before sonication, most 
activity was associated with the pellet, that is with the centrifuged 
portion containing the membranes; and (v) gel-permeation 
chromatography of unboiled Example III preparation indicated 
association of the elicitor with a very high molecular weight (> 10^ D) 
fraction which were probably membrane vesicles; and (vi) fractionation 
of lysed cells of Ea321(pCPP430) [see Science 233:1403 (1985)] in the 
ultracentrifuge and reaction with a harpin-specific antibody, resulted 
only in reaction with the cell membrane faction and the whole cell 
control. 

The foregoing results indicate that harpin is located at or near 
the bacterial cell-surface, and that it is unstable. Cell suspensions of 
Ea321(pCPP430) or E. coli DH5a(pCPP430) maintain their HR-eliciting 
activity for not more than 0.5 hr and 1 hr, respectively, in the presence 
of tetracycline (40 ug/ml), a translation inhibitor. In addition, harpin 
was not detected once the cells lost HR-eliciting activity. However, 
when the protease inhibitor PMSF (0.5 mM) was included in the 
suspension, the bacteria retained HR-eliciting activity for more than 
two hours, and decreasing amounts of harpin were detected 
simultaneously in the SDS gels over time. On an equal cell number 
basis, more protease was required to destroy harpin and prevent the 
hypersensitive reaction for £ coli DH5a(pCPP430) than for 
Ea321(pCPP430). Thus, the sensitivity of harpin to proteolysis may 
explain the previous observations of the short-lived nature of the HR- 
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eliciting ability of phytopathogenic bacteria [see Science 245:1374 
(1989)]. 

The following procedure and Table 1 depict the protocol for, and 
results of, protease sensitivity of HR-eliciting activity from E. 
amylovorq Ea321 containing its hrp gene cluster. 

Cells of E. amylovora Ea321(pCPP430) were grown in LB medium 
and harvested at O.D.620 - 0.6 bv centrifugation. The cells were then 
resuspended in 0.1 volume of 5 mM potassium phosphate buffer, pH 6.5, 
containing 40 ug/ml tetracycline. Protease (as indicated in Table 1) 
was added to 200 ul cell suspension and incubated at 37°C for 5 
minutes and 100 ul of each mixture was subsequently infiltrated into 
tobacco leaves. Collapse was noted 24 hrs after infiltration. 20 ul of 
5x cracking buffer was mixed with 80 ul of the remaining mixtures, 
boiled for 5 minutes and then centrifuged for 10 min in a 
microcentrifuge, prior to loading 15 p.l in each lane of a 10% SDS-PAGE 
gel. Electrophoresis was carried out for 2 hours at 20 mA, followed by 
staining with 0.025% Coomassie Blue R-250 for 30 min and destaining 
with 50% methanol and 10% acetic acid solution. Ceil-free supernatant, 
produced from the LB culture, was filter-sterilized and then 
concentrated to one tenth the original volume with the Centriprep-10 
(Amicon). Treatment with the higher levels of protease resulted in loss 
of HR-eliciting ability and disappearance of the harpin band (44 kD) 
from the SDS gels. The resulting data from this protocol are reported 
in the following table: 
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Protease/ml 



TABLE 1 
HR-elicitation 
flP Tnhacco 



Harpin 
pfttected 



+ 
+ 
+ 

weak 



+ 
+ 
+ 
+ 



0 ug 
5 ug 
10 ug 

20 ug 

40 jig " 
80 >ig 

80 ug + 0.5 mM PMSF t 
cell-free supernatant 

+ = a positive reaction; 

- = a negative reaction. 



The ability of bacterial strains to elicit the hypersensitive 
response in intact tobacco leaves is strongly correlated with their 
ability to elicit a K+/H+ exchange reaction in tobacco cell suspension 
cultures. The two reactions are related genetically, as a major portion 
of hrp gene cluster of B. amylovora is needed for elicitation of the 
K+/H+ exchange reaction. Thus, the effect of harpin on tobacco cell 
suspension cultures was tested according to the following example. 

The effect of harpin on plants, plant cells and tissues according 
to the present invention is described in the following example: 

EXAMPLE VI 

To determine If a particular preparation had HR-eliciting 
activity, we used a technique similar to that used with whole bacterial 
cells isee Mol. Plant-Microbe Interact. *4?4 (1991]. Tobacco plants 
(Nicotiana tabacum L. 'Xanthi') were grpwn in artificial soil mix to a 
height of 90-100 cm. Plants were rnoyed frpm the greenhouse to the 
laboratory <24 hr before infiltration. Infiltratiqn of the leaf lamina was 
done with a needle-less syringe through a small hole made with a 
dissecting needle. Collapse of the Infiltrated area, indicative of the HR, 
was recorded 24 hrs after infiltration. 
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All CFEPs that contained the 44 kD protein, as detected by SDS- 
PAGE, caused collapses of the infiltrated areas of the tobacco leaves. 
Harpin, purified by HPLC (Example IV) elicited the HR at concentrations 
*500 nM. 

To test the effect of harpin on tobacco cell suspension cultures, 
four-day old tobacco cell suspension cultures (Nicotians tabaccum var. 
Samsun) were obtained from the Biotechnology Program at Cornell 
University. The cell suspension was filtered through a single layer of 
loose weave cheesecloth into a 1 liter beaker to eliminate any large 
clumped masses. Tobacco Assay Medium [MES 0.5 mM, mannitol 0.175 M, 
K2SO4 (2 ml of a .25 M stock solution), CaCl2 (2 ml of a 0.25 M stock 
solution) high-purity water 996 ml; adjusted to pH 6.0 with 1N NaOH 
and filtered through a 0.2 \im pore-size membrane filter] was used to 
wash as many cells as possible through a single layer of cheesecloth. 
This washed and strained suspension was next poured into a large 
funnel lined with 1 layer of Miracloth™ (non-woven cloth), and the cells 
that Ifned the Miracloth™ were gently washed with an additional 200- 
400 ml of Tobacco Assay Medium. Fifteen gm of wet cells were 
weighed and gently resuspended in 415 ml of Tobacco Assay Medium. 
Twenty ml aliquots of this suspension were measured in to conical 
plastic cups (4 cm top diameter; 2.5 cm bottom diameter; 4 cm high) 
and immediately placed on a rotary shaker set at 150 rpm with a 2 cm 
stroke and maintained at 25 ± 3°C. 

Cells were allowed to equilibrate until they reached a pH of 
approximately 5.8 (usually 20-30 mjn). At this point, 1 ml of bacterial 
suspension, or sonicated extract, or 0.5 ml qf purified protein 
containing 20 \x\ of a 20 ng/ml concentrate of PMSF was added to each 
tobacco cell sample. The pH of the sample w$s read with a Corning pH 
meter and was adjusted back to pH 6 with 0.1 N NaOH (or 0.1 N HCI as 
needed). The second reading was taken 30 minutes after the first 
reading. All subsequent readings wer? taken at hourly intervals for up 
to 6 hours after the reading at time 0. All treatments were tested in 
duplicate. 
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Bacterial cell suspensions were prepared by growing overnight 
cultures in LB with the appropriate antibiotic and then diluting the 
strains back to an OD620 of 0.20 the next morning. The cultures were 
regrown to OD 0.4. At this OD, strains of Ea321 and their derivatives 
are estimated to have a concentration of approximately 2 x 108 cfu/ml. 
Strains of E coli DH5a and their derivatives are estimated to have a 
concentration of approximately 1 x 108 cfu/ml. The cells were 
centrifuged, at 5000 x g and resuspended to give 5 fold concentrations 
(for Ea321 and derivatives) and 10 fold concentrations (for E coli and 
derivatives) in 1 mM MES buffer pH 6. In this manner, cell 
concentrations of approximately 1 x 10» cfu/ml were achieved. When 1 
ml of cell suspension was added to 20 ml tobacco cell suspension, the 
final concentration of cfu/ml for the assay was estimated at 5 x 10? 
per ml. 

Cells of E amylovora caused an increase in pH of the bathing 
solution (a measure of the K+/H+ exchange reaction) with a 2-3 hr delay 
following addition of bacteria to the tobacco cell suspension culture 
(see figure 2). In contrast, a one-time addition of harpin at time zero 
caused a rapid increase in the pH of the bathing solution during the first 
hour. The pH decreased slightly during subsequent incubation. Mutants 
of E amylovora that do not produce harpin in vitro failed to elicit the 
K+/H+ exchange reaction. Strains of E coli containing mutations in the 
cloned hrp gene cluster of E amylovora also failed to elicit the 
exchange reaction. The elicitation of the exchange reaction, as well as 
the hypersensitive reaction, by harpin provides additional evidence that 
harpin is act/rye in bacteria-plant Interactions. The data from these 
studies on the effect of harpin on tobacco cell cultures is presented in 
Figure 2. 

The following example provides a comparison of harpin obtained 
from E coli DH5a(pCPP430) and Ea 321. 

EXAMPLE VII 

To demonstrate that harpin is produced by E amylovora and not E 
coli stimulated by the presence of pCPP430, the same techniques used 
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for its isolation from E coli DH5a(pCPP430) were used with £. 
amylovora Ea32l, except that the cells were preincubated in a HR- 
inducing medium for 5 hrs before sonication. In addition, E coli 
DH5a(pCPP9), which harbors the vector of pCPP430, was subjected to 
the same procedures as E.coli DH5a(pCPP430). A protein isolated with 
the same molecular weight as that isolated from Ea321, had HR- 
eliciting ability. Based on the relative intensity of the 44 kD band on 
SDS polyacrylamide gels, it was estimated that E amylovora Ea32l 
produces, on a per cell basis, about one tenth the amount of harpin as 
does E coli DH5a(pCPP430). The properties of the elicitor protein trom 
E amylovora Ea321 and E coii DH5a(pCPP430) were identical. No 
protease-sensitive heat stable HR-eliciting activity associated with a 
44 kD protein was seen in cell-free extracts taken from E coli 
DH5a(pCPP9). 

The properties of the E amylovora harpin are consistent with 
several important physiological observations that were made following 
the discovery that bacteria can elicit the hypersensitive response. 
Infiltration of plant tissues with incompatible pathogens and inhibitors 
of bacterial protein or RNA synthesis prevent the hypersensitive 
response [see Phytopathology 72:1513 (1982)] indicating that da novo 
RNA and protein synthesis is required. When bacteria are infiltrated in 
dilute water agar, no hypersensitive response is elicited, suggesting 
that intimate contact between bacteria and plant cells is required. 
Pre-induced bacteria quickly lose HR-eliciting ability when infiltrated 
with translation or transcriptional inhibitors [see Science 245:1374 
(1989)]. Further evidence that the elicitor is a component of the 
bacterial cell surface is found in observations that the elicitor is not 
diffusible in infiltrated plant tissue and that each introduced bacterium 
kills only one plant cpll. As predicted by these observations, harpin is 
associated with the bacterial cell surface and appears unstable in 
nature because of its extreme sensitivity to proteolysis. Thus, harpin 
degradation may be important in regulating the development of the 
plant-bacterium interaction. 
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The nonpathogenic phenotype of hrp mutants suggest that harpin 
is also a primary determinant of pathogenicity in £. amylovora. The 
basis for the essential role for harpin in both compatible (hosf.disease) 
and incompatible (nonhost:hypersensitive response) interactions is not 
clear. Host range in some plant pathogenic bacteria has been shown to 
be controlled by ayr genes that can confer cultivar-specific 
incompatibility to hrp+ pathogens. The biochemical activity of the avr 
gene products and the basis for their dependence on hrp genes for 
phenotypic expression is unknown, although avrB is regulated by hrp 
genes. Regulation of the production or accumulation of harpin may also 
be a determinative factor; the hrp gene cluster in £ amylovora is 
expressed about 10-fold lower in host tissue (pear) than in nonhost 

tissue (tobacco). 

Although major disease determinants have been identified in 
plant pathogenic bacteria that cause either tumors or extensive tissue 
maceration (phytohormones and pectic enzymes, respectively), the 
molecular basis for pathogenicity among bacteria that cause delayed 
necrosis in a limited range of hosts is unknown. Among these bacteria 
are the economically important Psaudomonas syringae and Xanthomonas 
campestris pathovars. Toxins and plant cell wall degrading enzymes 
may increase the virulence of these pathogens, but the hrp genes are 
absolutely required for bacterial multiplication in host tissues and 
production of disease symptoms. 

The conservation of the hrp genes [see Laby, R.J., Molecular 
studies on pathogenicity and virulence factors of Erwinia amylovora, 
M.S. Thesis. Cornell University (1991)] suggests that the £. amylovora 
harpin is the archetype of a broadly important class of plant bacterial 
disease determinants. Thus, disruption of harpin or of the proper 
balance of its production would be a novel approach to controlling the 
prevalent bacterial diseases of crop plants. The mode of action of 
harpin would also reveal the molecular bases for the hypersensitive 
response and for resistance of plants to a broad array of microbial 
pathogens. 
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The following example provides a description for the 
determination of the N -terminal amino acid sequence by which the gene 
encoding harpin was located. 

EXAMPLE VIII 

In order to locate the gene encoding harpin, named hrpN, the 
partial amino acid sequence of the harpin protein was determined. A 
sample of harpin (25 ng) purified by HPLC as in Example IV was used. A 
portion of the eluent from the reverse-phase chromatographic column 
corresponding to the peak eluting at 42.5 min was evaporated to near 
dryness in vacuo to eliminate the acetonitrile solvent. The fraction 
was then dissolved in TE buffer and submitted to the Protein Analysis 
Laboratory of the Cornell University Biotechnology Program with the 
request that the proportion of the various amino acids present in the 
protein, and the sequence of amino acids beginning from the N-terminus 
be determined. 

The results of these analyses are shown in the following table in 
which the amino acid composition from analysis of harpin differs only 
slightly from the amino acid composition deduced from the DNA 
sequence: 
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Amino Acid 


% Deduced 


% Deduced 


from DNA 


from Harfiin 


alanine 


5.4 


7.6 


arginine 


1.8 


1.3 


asparagine 


7.0 




aspartic acid 


5.7 


14.2 


cysteine 


0 


0 


glutamine 


6.5 


9.3 


glutamic acid 


2.1 


glycine 


22.0 


22.0 


histidine 


0.8 


<1.0 


isoleucine 


2.3 


2.3 


leucine 


10.6 


10.9 


lysine 


4.7 


5.2 


methionine 


6.0 


5.7 


phenylalanine 


1.6 


2.0 


proline 


3.1 


2.3 


serine 


9.6 


8.9 


threonine 


6.2 


5.2 


tryptophan 


0.5 




tyrosine 


1.0 


<1.0 


valine 


2.8 


2.2 



The procedures used for the determination of amino acid 
composition included hydrolysis of the protein With 6N HCL followed by 
derivitation of the amino acid residues and resolution according to S.A. 
Cohen et al., 1984. American Laboratory p. 48. 

The N-terminal amino acid sequence of harpin according to the 
present invention was determined according tp the methods of 
Hunkapiller (see Methods Of Protein Micrpcharacterization; A Practical. 
Handbook, ppg 223-247. Humana Press. Clifton. New Jersey (1986)] is 
as follows: 

Mat Ser Leu Asn Thr Ser Gly Leu Gly Ala Ser Thr Met Gin He 
5 10 15 
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The deduced amino acid sequence of harpin (including the N- 
terminal amino acid sequence given above) according to the present 
invention is: 

Met Ser Leu Asn Thr Ser Gly Leu Gly Ala Ser Thr Met Gin He 

5 10 15 

Ser He Gly Gly Ala Gly Gly Asn Asn Gly Leu Leu Gly Kir Ser 

20 25 30 

Arg Gin Asn Ala Gly Leu Gly Gly Asn Ser Ala Leu Gly leu Gly 

35 40 45 

Gly Gly Asn Gin Asn Asp Thr Val Asn Gin Leu Ala Gly leu Leu 

50 55 .60 

Thr Gly Met Met Mat Met Met Ser Met Met Gly Gly Gly Gly leu 

65 70 75 

Met Gly Gly Gly Leu Gly Gly Gly Leu Gly Asn Gly Leu Gly Gly 

80 85 90 

Ser Gly Gly Leu Gly Glu Gly Leu Ser Asn Ala Leu Asn Asp Met 

95 100 105 

Leu Gly Gly Ser Leu Asn Thr Leu Gly Ser Lys Gly Gly Asn Asn 

110 115 120 

Thr Thr Ser Thr Thr Asn Ser Pro Leu Asp Gin Ala Leu Gly He 

125 130 135 

Asn Ser Thr Ser Gin Asn Asp Asp Ser Thr Ser Gly Thr Asp Ser 

140 145 150 

Thr Ser Asp Ser Ser Asp Pro Met Gin Gin Leu Leu Lys Met Phe 

155 160 165 

Ser Glu He Met Gin Ser Leu Phe Gly Asp Gly Gin Asp Gly Thr 

170 175 180 

Gin Gly Ser Ser Ser Gly Gly Lys Gin Pro Thr Glu Gly Glu Gin 

185 190 195 

Asn Ala Tyr Lys Lys Gly Val Thr Asp Ala Leu Ser Gly Leu Met 

200 205 210 

Gly Asn Gly Leu Ser Gin Leu Leu Gly Asn Gly Gly Leu Gly Gly 

215 220 225 

Gly Gin Gly Gly Asn Ala Gly Thr Gly Leu Asp Gly Ser Ser Leu 

230 235 240 

Gly Gly Lys Gly Leu Arg Gly Leu Ser Gly Pro Val Asp Tyr Gin 

245 250 255 

Gin Leu Gly Asn Ala Val Gly Thr Gly He Gly Met Lys Ala Gly 

260 265 270 

He Gin Ala Leu Asn Asp He Gly Thr His Arg His Ser Ser Thr 

275 280 285 

Arg Ser Phe Val Asn Lys Gly Asp Arg Ala Mat Ala Lys Glu He 

290 295 300 
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Gly Gin Phe Met Asp Gin Tyr Pro Glu Val Phe Gly Lys Pro Gin 
305 310 315 

Tyr Gin Lys Gly Pro Gly Gin Glu Val Lys Thr Asp Asp Lys Ser 
320 325 330 

Trp Ala Lys Ala Leu Ser Lys Pro Asp Asp Asp Gly Met Thr Pro 
* 335 340 345 

Ala Ser Met Glu Gin Phe Asn Lys Ala Lys Gly Met He Lys Arg 
350 355 360 

Pro Mat Ala Gly Asp Thr Gly Asn Gly Asn Leu His Asp Ala Val 
365 370 375 

Pro Val Val Leu Arg Trp Val Leu Met Pro 
380 385 
The partial amino acid sequence of harpin was utilized to 
construct an oligonucleotide probe with bases corresponding to those 
encoding the ninth to fifteenth amino acids of the N-terminus of harpin. 
Since several of these amino acids may have several nucleic acid 
codons, a 48-fold degenerate oligonucleotide was constructed according 
to standard procedures. 

The identification of clones encoding harpin by hybridization 
with an oligonucleotide probe for harpin is described in the following 
example: 

EXAMPLE IX 

The structural gene encoding harpin was identified by 
hybridization of the oligonucleotide probe constructed in Example VIII 
with DNA of Erwinia amylovora. The specific DNA cloned in the hrp 
cluster of £ amylovora in cosmid pCPP430 was digested with the 
restriction enzyme BamH\ and a separate portion was digested with the 
restriction enzyme HindUL The DNA digests were electrophoresed in 
0.7% agarose, stained with ethidium bromide, transferred to a nylon 
membrane (Immobilon) and hybridized with the oligonucleotide probe 
previously described, according to standard procedures. The probe was 
labelled with radioactive phosphorous usinq 32 P labelled GTP. 

Following hybridization and exposure of the membranes to X-O- 
Mat X-ray film (Kodak) and development of the film, a 1.3 kb Hindi 1 1 
fragment gave the strongest hybridization signal in response to the 



94/0 1Mb 



26 



probe: The fragment was subcloned in the pBluescript M13+ vector 
(Stratagene), and designated pCPP1084. 

The production of anti-harpin antibodies according to the present 
invention is described in the following example: 

EXAMPLE X 

Antibodies were raised in rabbits in response to injection with 
harpin Three injections of highly purified harpin (100. 150 and 50 ug, 
respectively) were made at 2-3 week intervals. The antiserum was 
harvested after 8 weeks. IgG was precipitated with ammonium sulfate, 
and preabsorbed with sonicated E. coli DH5a(pCPP9) lysate. The 
specificity of the antiserum was confirmed by reaction in western 
blots of harpin purified by HPLC as described in Example VII. No 
reaction was seen with pre-immune serum when western blots 
containing resolved CFEP from DH5a(pCPP430) were hybridized. 

The description of hrpN in the T7 RNA polymerase/promoter 
expression system is described in the following example: 

EXAMPLE XI 

To confirm that the 1.3 kb Hind\\\ fragment contains the entire 
hrpN gene, the plasmid pGpl-2 (Proc. Natl. Acad. Sci. U.S.A. 82:1074 
(1985)1 and pCPP1084. which contains the 1.3 kb Hind\\\ fragment under 
the control of T7<t>10 promoter, was transformed, into E. coli DH5a or 
Ea321. These two compatible plasmids constitute the T7 expression 
system. The cells containing both pGpl-1 and pCPP1084 were grown in 
LB with 100 ug/ml of ampicillin and 50 ug/ml of kanamycin at 30°C. 
Two hundred ul of cells at OD 6 20=0-5 were harvested and washed with 
5 ml of M9 media [Sambrook. J.. E.F. Fritsch. T. Maniatis. Molecular 
Cloning. A Laboratory Manual. Second Edition. Cold Spring Harbor. 
(1989)]. Finally, the cells were resuspended in 1.0 ml of M9 medium 
supplemented with 0.01% of 18 amino acids (no cystidine or 
methionine). Cells were grown with shaking (200 rpm) at 30°C tor 1 hr 
then shitted to 42°C for 10 min. Rifampin (Sigma R3501 20 mg/ml 
stock solution in methanol) was added to final concentration of 200 
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ug/mt. Cells were incubated at 42°C for 10 additional minutes and then 
shitted to 30°C and incubated (or an additional 1 hour. Cells were 
pulsed with 10 uCi of 35 S methioine for 5 min at 30°C. The cells were 
centrifuged and resuspended in 50 ul of •cracking buffer" (60 mM Tris- 
HCI, pH 6.8, 1% SDS. 1% 2-mercaptoethanol, 10% glycerol and 0.01% 
bromophenol blue). The samples were heated at 100°C for 3 min and 20 
ul were placed on a 10% SDS PAGE gel. After electrophoresis at 15 mA 
for 2.0 hr in a Mighty Small™ apparatus (according to instruction of 
Hoefer Scientific Instruments), the gel was dried and 
exposed to X-ray film for 2 hrs at room temperature. A single 44 kD 
band, which corresponded in molecular size to harpin, was observed 
from both the £ coli DH5a and Ea321 constructs. The 44 kD band 
expressed from this system was also reacted with anti-harpin antibody 
raised in rabbit (Example X). This experiment demonstrated that the 1.3 
kb HindlU fragment contains the entire open reading frame that encodes 
the 44 kD harpin protein. 

The nucleic acid sequence of the hrpN gene according to the 
present invention was determined according to the following example. 

EXAMPLE XII 

DNA sequencing analysis was performed by the dideoxy-chain 
termination method (Sanger 1977, PNAS 74:5643-5667). The sequences 
were verified from both strands by using either the universal primer or 
the T3 primer. The subclones generated by Kpnl and Pt+I from the 1.3 
kb H/noflll fragment were used directly as templates for sequencing. 
The nucleotide sequence of hrpN was submitted to Genbank and assigned 
accession number M92994. The nucleotide sequence is shown below. 
AAGCTTCGGC AIGGC&CGTT TGACOGTTGG GTCGQCAGGG TACJGTTTGAA 50 
TTATTCATAA GAGGAATACG IT ATG AGT CTG AAT ACA ACT GGG 93 
CTG QGA GOG TCA AD3 ATG CAA ATT TCT ATC GGC GGT GGG GQC 135 
GGA AAT AAC GGG TIG CTG GGT ACC AGT CGC CAG AAT OCT GGG 177 
TTG GGT GGC AAT TCT GCA CTG GGG CTG GQC GGC GGT AAT CAA 219 
AAT GAT ACC GTC AAT CAG CTG GCT GGC TTA CTC ACC^GGC ATG 261 
ATG ATG ATG ATG AGC ATG ATG GGC GGT GGT GGG CTG ATG GGC 303 
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GGT GGC TTA GGC GGT GGC TEA GGT AAT GGC TTG GGT GGC TCA 345 
GGT GGC CTG QGC GAA GGA CTG TOG AAC GCG CTG AAC GAT ATG 387 
TTA GGC GGT TOG CTG AAC ACG CTG GGC TOG AAA GGC GGC AAC 429 
AAT ACC ACT TCA ACA ACA AAT TOO CCG CTG GAC CAG GCG CTG 471 
GGT ATT AAC TCA ACG TCC CAA AAC GAC GAT TCC ACC TCC GGC 513 
ACA GAT TCC ACC TCA GAC TCC AGC GAC CCG ATG CAG CAG CTG 555 
CTG AAG ATG TTC AGC GAG ATA ATG CAA AGC CTG TTT GGT GAT 597 
GGG CAA GAT GGC ACC CAG GGC AGT TCC TCT GGG GGC AAG CAG 639 
CCG ACC GAA GGC GAG CAG AAC GGC TAT AAA AAA GGA GTC ACT 681 
GAT GCG CTG TCG GGC CTG ATG GGT AAT GGT CTG AGC CAG CTC 723 
CTT GGC AAC GGG GGA CTG GGA GGT GGT CAG GGC GGT AAT GCT 765 
GGC ACG GGT CTT GAC GGT TCG TCG CTG GGC GGC AAA GGG CTG 807 
CGG GGC CTG AGC GGG CCG GTG GAC TAG CAG CAG TTA GGT AAC 849 
GGC GTG GGT ACC GGT ATC GGT ATG AAA GCG GGC ATT CAG GCG 891 
CTG AAT GAT ATC GGT ACG CAC AGG CAC AGT TCA ACC CGT TCT 933 
TTC GTC AAT AAA GGC GAT CGG GCG ATG GCG AAG GAA ATC GGT 975 
CAG TTC ATG GAC CAG TAT CCT GAG GTG TTT GGC AAG CCG CAG 1017 
TAC CAG AAA GGC CCG GGT CAG GAG GTG AAA ACC GAT GAC AAA 1059 
TCA TGG GCA AAA GCA CTG AGC AAG CCA GAT GAC GAC GGA ATG 1101 
ACA CCA GCC AGT ATG GAG CAG TTC AAC AAA GCC AAG GGC ATG 1143 
ATC AAA AGG CCC ATG GCG GGT GAT ACC GGC AAC GGC AAC CTG 1185 
CAG CAC GCG GTG CCG GTG GTT CTT CGG TGG GTA TTG ATG CCA 1227 
TGA TGGCCGGTGA TGCCATTAAC AATATGGCAC TTGGCAAGCT 1270 
GGGCGCGGCT TAAGCTT 1287 

In this sequence, the open reading frame (including the stop codon 
TGA) which is expressed to provide the amino acid sequence for harpin 
is as follows: 

ATG AGT CTG AAT ACA AGT GGG CTG GGA GCG TCA ACG ATG CAA 42 
ATT TCT ATC GGC GGT GCG GGC GGA AAT AAC GGG TTG CTG GGT 84 
ACC AGT CGC CAG AAT GCT GGG TTG GGT GGC AAT TCT GCA CTG 126 
GGG CTG GGC GGC GGT AAT CAA AAT GAT ACC GTC AAT CAG CTG 168 
GCT GGC TTA CTC ACC GGC ATG ATG ATG ATG ATG AGC ATG ATG 210 
GGC GGT GGT GGG CTG ATG GGC GGT GGC TTA GGC GGT GGC TTA 252 
GGT AAT GGC TTG GGT GGC TCA GGT GGC CTG GGC GAA GGA CTG 294 
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irr RftC GCG CTG AAC GAT ATG TTA GGC GQT TCG CTG AAC ACG 336 
roS^GACCAG^CIGGGimAACTCfcACGTCCCAA 2 
AAC GRC GOT TOC ACC TCC GGC ACA GAT TCC ACC TCA GAC TOC 6 
AGC GAC OCG ATG CAG CAG CIG CTG AAG ATG TTC AGC GAG ATA 504 
ATG CAA AGC CTG TTT GGT GAT GOG CAA GAT GGC ACC CAG GGC 546 
^ TCC TCI GGG GGC AAG CAG COG ACC GAA GGC GAG CAG AAC 588 
QOC TAT AAA AAA GGA GIC ACT GAT GCG CIG TCG GGC CIG ATG 630 
Q3T WVT GGT CTG AGC CAG CTC CTT GGC AAC GGG GGA CTG GGA 672 
GGT GGT CAG GGC GGT AAT GCT GGC ACG GGT OTT GAC GGT TCG 714 
TOG CTG GX GGC AAA GGG CTG CGG GGC CTG AGC GGG COG GT3 756 
GAC TAC CAG CAG TTA GGT AAC GCC GTG GGT ACC GOT ATC GGT 798 
ATG MA GCG GGC ATT CAG GCG CTG AAT GAT ATC GGT ACG CAC 
^^AGTTCAACCOGTTCTTrCGTCAATAAAGGCGATCGG 88 

GCG ATC GCG AAG GAA ATC GGT CAG TTC ATG GAC CAG TAT OCT 924 
CTG GTG TTI GGC AAG CCG CAG TAC CAG AAA GGC CCG GGT CAG 
GAG GTG AAA ACC GAT GAC AAA TCA TGG GCA AAA GCA CTG AGC 
AAG CCA GAT GAC GAC GGA ATG ACA CCA GCC AGT ATG GAG CAG 
TTC AAC AAA GCC AAG GGC ATG ATC AAA AQG CCC ATG GCG GGT 1092 
GOT ACC GGC AAC GGC AAC CTG CAG CAC GCG GTG CCG GTG GTT 
CTT CQC TGG GTA TTG ATG CCA TGA 1158 

The over expression of the hrpN gene to produce large quanta.es 
of harpin is depicted in the following example: 

EXAMPLE XIII 

A new plasmid. designated pCPPSO, was constructed especially 
for high expression of harpin as follows:. _ 

The expression vector plNlllH3-A2 [see Biotechnology, pp 81- 
85 (Jan. 1984)] was modified. It was digested with the restnctKM, 
endonuclease Xbal and mm which resulted in two fragments. The 
smaller DNA fragment was discarded and replaced with a portion of the 
pBluescript SK" poly.inker (Xi>al to H/ndl.l). These 
removed the ribosome-binding she and initiation codon (ATG) from 
PINIH113-A2 and replaced them with several useful cloning sites (Xbal, 
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Spe\, BamH\, Sma\. Pst\, EcoRV. HindUi, BamH\). The resulting vector 
(pCPP50) was used in conjunction with the hrpN gene to facilitate 
super-production of harpin by £ coli. 

Plasmid pCPP1084, containing hrpN (Example VII) was digested 
with the restriction endonuclease HinM. The 1.3 kb HindlU DNA 
fragment was purified from an agarose gel, and ligated into pCPPBO 
which had also been digested with Hind\\\ and treated with alkaline 
phosphoratase. The DNA was transformed into E coli DH5a. Several 
transformants were screened on an SDS-Polyacrylamide gel for 
production of a protein corresponding to the known mobility of harpin. 
One clone, designated pCPP2139, produced large quantities of harpin. 

Large quantities of harpin were produced in £ coli 
DH5a(pCPP2139) according to the following procedure: £ coli 
DH5a(pCPP2139) was grown in M9 minimal medium supplemented with 
5 g/l casamino acids and 40 mg/l thiamine. The bacteria were grown 
for an additional 20 hours at 37°C. Harpin was isolated from the 
bacteria according to Example III. 

Harpin produced by E. coli DH5o(pCPP2139) was active in tobacco 
leaf assays and it had the same molecular weight on SDS- 
polyacrylamide gels and reacted with anti-harpin antiserum (Example X) 
as harpin produced by E. coli DH5a(pCPP430). 

In dilution point tobacco leaf assays, CFEP produced from £ coli 
DH5a(pCPP2139) had detectable activity at a 1:150 dilution. £ coli 
DH5a(pCPP430) had detectable activity only to a 1:10 dilution. Thus, £ 
coli DH5o(pCPP2139) produced at least 15 times as much harpin as £ 
coli DH5a(pCPP430). The results referred to are tabulated in the 
following table. 
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TABLE 2 



reep from Dilutions 

DH5a(pCPP2139) + t + + + 

DH5a(pCPP430) + 

+ = a positive reaction, collapse of tobacco tissue as in 

the hypersensitive response; 
. = a negative reaction, no collapse of tobacco leaf 
tissue 

Similar conclusions were drawn by examination of SDS- 
polyacrylamide gels containing harpin preparations from the two 
constructions. 

In addition to determining hrpN in £ amylovora, and because 
harpin is believed to be the archetype for a family of proteinaceous HR 
elicitors that are produced by many different phytopathogenic bacter.a. 
the identification of hrpN homologs was also searched out in Erwima 
chrysanthemi and Erwinia stewartii according to the following 
protocol. 

EXAMPLE XIV 

The 1 3 kb Hind\\\ DNA fragment from pCPP1084. containing hrpN. 
was used as a radioactive probe against 18 cosmids previously shown 
to contain hrp genes from E chrysanthemi strain AC4150. One cosm.d, 
PCPP2157. hybridized strongly with the HrpN clone under high 
stringency conditions (washes done in 0.4 xSSC. p.2% SDS. 65«C>. The 
cosmid was. used In further analyses. An 800 bp Cla1 fragment from 
PCPP2157, which hybridized wW the hrpN probe, was cloned into 
pBluescript SK- to give P CPP2140. Initial DNA sequencing (using 
Sequenase version 2.0 Kit. U.S. Biochemical^ pf one end of the 800 bp 
Clal fragment showed a region of 224 nuclQQtides with 72% nucleotide 
identity. Sequence comparison was dqne with FASTA., and the 
nucleotide sequence for £ chrysanthemi corresponding to E. amylovora 
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hrpN (best-fit) from nucleotide 1005 to 1223 indicates a 72% identity. 

The E. chrysanthemi sequence is given below: 

OQGIAAACCG GATACCAGAA AGAXGGCTGG AGTTCQOCAG AAGAOGGACG 50 

ACAAAIOCIG GGCTAAAGOG CTGACT7AAC OGGATGATGA CGCTATCACC 100 
CATGGACAAA TTCOGTCAGG CGATGGGTAT GA.TCAAAAGC 150 

GOGGTOQOGG GTGAIADCGG CAATWXAAC CTGAATCTGC GTGGOGCGGG 200 
CGGTGGMCG CTGGGTATCG AT 222 

Using a similar protocol, the 1.3 kb Hind III DNa fragment from 
DCPP1084 was used to probe a DNA of £ stewartii . Genomic DNA of 
strain DC283 and DNA of the cosmid clone pES411 [see Coplin et al.. Mol. 
Plant-Microbe Interactions. 5:266-268 (1992)1 were hydrolysed with 
Hind III, electrophoresed and hybridized. A 1.8 kb Hind III fragment 
from both DNA preparations hybridized with the probe. These results 
indicate that hrpN of E. amylovora shares homology with a hrpN-l.ke 

gene of E. stewartii. 

The effect of two means of inactivation, according to the present 
invention, of harpin on disease severity in plants is described below. 

EXAMPLE XV 

Inactivation of harpin by reaction of E. amylovora cells with an 
antiserum specific tor harpin (Example X) or a protease that degrades 
harpin (Example VII) resulted in a reduction In disease of pear caused by 
E amylovora. Immature pear fruit, harvested when the fruit were 3-4 
cm in diameter were surface-dislnfested, cut in half lengthwise and 
placed on moistened paper towels. Wells were cut in the cheeks of 
fruit with a number 1 cork borer (see Beer. S.V. Methods in 
Phytobacteriology. pp 372-375 (1990) Klement. Z., Rudolf. K. and Sands. 
D eds). One ml of a culture of Ea321 (2 x 108 cfu/ml) was mixed with 
50 ul and 100 ul of a 1:25 dilution of anti-harpin antisera (Example X). 
and after 5 minutes. 50 ul of the mixture was deposited in the well of 
each pear fruit. Similarly, suspensions of Ea321 were mixed with 
protease before deposit in the wells in the pear fruit. The pears were 
incubated at 27>C and observed daily for 3 days. Controls consisted of 
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cells not treated and cells mixed with pre-immune serum taken from 
the same rabbit. The results are tabulated below: 

Tr»atment infection * 

Ea321 - 8/8 

Ea321 + Protease (100 ug/ml 6/8 
Ea321 t Protease (200 ug/ml) 5/8 
Ea321 + Antiserum (50ul/ml) 5/8 
Ea321 + Antiserum (100 ul/ml) 5/8 
Ea321 t Preimmune Serum (100 ul/ml) 8/8 
•Number of treated pear halves (out of 8) showing ooze at cut 
ends. 64 hours after inoculation with 50 ut containing 1 x 10 8 
cfu of Ea321 treated as indicated. 

Treatment of E amyloyoni with either protease or harpin- 
specific antiserum reduced the number of pear fruits that became 
infected. Treatment with preimmune (normal) serum had no effect on 
the development of disease. The above-described test of the effect of 
two treatments that affect harpin without affecting the vitality or 
growth of E s^myloyora was particularly harsh- Only the harpin present 
on the treated cells could be affected because the antiserum or enzyme 
could not be present to react with harpin on the progeny from the 
treated cells. Under conditions envisioned for practical use according 
to the present invention, anti-harpin antibodies would be produced by 
plants transformed with genes encoding anti-harpin antibodies or 
protease, and these in turn would Inhibit or lessen the disease severity 
of the plant exposed to the elicitor. Also. In nature, treatment of 
blooming apple or pear trees with protease or anti-harpin antibodies is 
likely to result in greater reductions in fire blight because infections 
generally are initiated by a small number of cells, as opposed to about 

10 8 , as was used in the above example. 

Thus, to summarize the present invention, there is strong 
evidence that harpin is the archetype for proteinaceous factors that 
enable plant pathogenic bacteria (and possibly other pathogenic 
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microorganisms) to elicit either the hypersensitive response in 
nonhosts or to promote disease in hosts. To begin with, strains of the 
three genera Erwinia, Pseudomonas, and Xanthomonas elicit a very 
similar (visually and physiologically) hypersensitive response when 
infiltrated into leaves of their respective non-host plants. This 
relationship has been documented almost since the discovery of the 
hypersensitive response elicited by bacteria in 1963. In addition, the 
genes required for the elicitation of the HR by strains of all three 
genera of bacteria (referred to similarly, as hrp genes) are also those 
required for both pathogenicity to host plants and for elicitation of the 
hypersensitive response in non-host plants. 

The relationship between hrp genes among phytopathogenic 
bacteria has been documented in studies by Laby and Beer (Molecular 
Plant Microbe Interactions 5:(1992); R.J. Laby, Molecular studies on 
pathogenicity and virulence factors of Erwinia amylovora, M.S. Thesis, 
Cornell University, Ithaca, NY 1991). They showed conclusively 
relationships, at the DNA level, between the hrp gene cluster of E. 
amylovora and the hrp gene cluster of Pseudomonas syringae, as well 
as the relationship between the hrp gene cluster of £ amylovora and the 
wts (water soaking) gene cluster of E stewartii. Other workers have 
demonstrated a striking relationship among the hrp genes of various P. 
syringae pathovars (strains of P. syringae pathogenic to specific and 
different plants). Still other researchers have demonstrated a close 
relationship between hrp genes of strains of Xanthomonas campestris 
and P. solanacearum. Thus, there is overwhelming evidence for 
conserved DNA among plant pathogenic bacteria of several genera that 
cause disease of a multitude of plants. 

The significant similarity in DNA sequence between the hrpN gene 
of E. amylovora and a homologous gene of £ chrysanthemi, according to 
the present invention, has also been shown. In addition, we have 
observed strong hybridization between hrpN and genomic DNA of £ 
stewartii, a serious pathogen of maize. More specifically, hybridization 
between hrpN and a specific 1.8 kb Hind III fragment of the wts gene 
cluster was observed. This indicates that the other two species of 
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Erwinia examined to date have hrpN homologs. Thus, significant 
similarity in the hrpN-like gene products (protein) according to the 
present invention can be expected. 

In addition, many of the hrp genes of £ amylovora appear to be 
involved in the secretion of cell-surface exposition of harp in, based on 
the phenotype of mutations in those genes. One gene of the hrp gene 
cluster of Pseudomonas syringae, which hybridizes with a portion of 
the hrp gene cluster of £ amylovora, encodes a protein with a high 
amino acid similarity with proteins involved in secretion in various 
Gram -negative bacteria. 

Thus, the Known similarities of hrp genes of Pseudomonas, 
Xanthomnonas, and Erwinia provide a firm basis to suspect that the HR 
eiicitors produced by strains of the three genera are likely to be 
similar in amino acid sequence or at least in general characteristics 
(protein) and function. 

The uses to which the various aspects and portions of the present 
invention may be put to are many and varied, por example, hrpN mutants 
may be used to identify, by complementation, genes from other plant 
pathogenic organisms (e.g., bacteria, fungi, nematodes) that encode 
proteins that function similarly to harpin. Although such proteins may 
haye substantially different primary structures (and therefore would be 
difficult to detect by ONA hybridization techniques), these proteins 
should restore the ability to elicit the HR to either E. amylovora or E. 
coli cells carrying a hrp cluster that was functional, except for the 
hrpN gene. 

Another use within the scope of the present invention is to use 
harpin and/or harpin-producing strains to identify in plants harpin 
receptors and/or their interactapts in signal transduction pathways and 
clone their encoding genes. Thus, this would allow one to exploit the 
potential of harpin to function (depending upon the plant) as a 
pathogenicity factor or as an elicitor of defense reactions to 
manipulate the structure or expression of plant genes (s) encoding 
harpin receptor(s) for the purpose of producing g enetically engineered 
plants with improved resistance to plant pathogens. 
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Still another use of harpin within the scope of the present 
invention would be as a potentiator of secondary metabolite production 
in plants grown either naturally or in tissue culture. 

Still another use would be the fusion of the gene encoding harp in 
tQj Specific promoters of plant oenes to develop sp ecific transgenic 
plants. When the plant gene is "turned on", harpin would be expressed 
and the plant cell killed. Some appropriate plant gene promoters and 
their projected uses include genes involved in pollen development 
(resulting in the development of male sterile plants); genes that are 
expressed in response to infection by fungi, e.g. genes encoding 
phenylalanine ammonia lyase and chalcone synthase (the plant cell 
would be Killed thereby limiting the progress of the fungus and making 
the plant resistant to fungal diseases); and genes involved in the 
development of senescence (to facilitate harvest, expression of hrp 
genes would result in defoliation). 

Still another use of harpin within the scope of the present 
invention would be the use of harpin as a "target molecule" with which 
chemical compounds would be designed to react and thereby inactivate 
the bacterial harpin, which, because it is essential for disease, would 
provide a specific bacteriacide target. 

A listing of the nucleotide and amino acids described in the 
present application are as follows: 

SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Zhong-Min Wei, David W. Bauer, Steven V. 

Beer, Alan Collmer, Sheng-Yang He, and Ron J. 
Laby 

(ii) TITLE OF INVENTION: Elicitor of the Hypersensitive 

Response in Plants 

(iii) NUMBER OF SEQUENCES: 5 

(2) INFORMATION FOR SEQ ID NO:1: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1: 
Met Ser Leu Asn Thr Ser Gly Leu Gly Ala Ser Thr Met Gin He 
5 10 15 

(2) INFORMATION FOR SEQ ID N02: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 385 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(») SEQUENCE DESCRIPTION: SEQ ID N02: 



Met 


Ser 


Leu 


Asn 


Thr 
5 


Ser 


Gly 


Leu 


Gly Ala 
10 


Ser Thr Met Gin He 
15 


Ser 


He 


Gly 


Gly 


Ala 
20 


Gly 


Gly 


Asn 


Asn Gly 
25 


Leu Leu Gly Thr Ser 
30 


Arg 


Gin 


Asn 


Ala 


Gly 
35 


Leu 


Gly 


Gly 


Asn Ser 
40 


Ala Leu Gly Leu Gly 
45 


Gly 


Gly 


Asn 


Gin 


Asn 
50 


Asp 


Thr 


Val 


Asn Gin 
55 


Leu Ala Gly Leu Leu 
60 


Thr 


Gly 


Met 


Met 


Mat 
65 


Met 


Met 


Ser 


Met Met 
70 


Gly Gly Gly Gly Leu 
75 


Met 


Gly 


Gly 


Gly 


Leu 
80 


Gly 


Gly 


Gly 


Leu Gly 
85 


Asn Gly Leu Gly Gly 
90 


Ser 


Gly 


Gly 


Leu 


Gly 
95 


Glu 


Gly 


Leu 


Ser Asn 
100 


Ala Leu Asn Asp Met 
105 


Leu 


Gly 


Gly 


Ser 


Leu 
110 


Asn 


Thr 


Leu 


Gly Ser 
115 


Lys Gly Gly Asn Asn 
120 


Thr 


Thr 


Ser 


Thr 


Thr 
125 


Asn 


Ser 


Pro 


Leu Asp 
130 


Gin Ala Leu Gly He 
135 


Asn 


Ser 


Thr 


Ser 


Gin 
140 


Asn 


Asp 


Asp 


Ser Thr 
145 


Ser Gly Thr Asp Ser 
150 


Thr 


Ser 


Asp 


Ser 


Ser 
155 


Asp 


Pro 


Met 


Gin. Gin 
160 


Leu Leu Lys Met Phe 
165 


Ser 


Glu 


He 


Met 


Gin 
170 


Ser 


Leu 


Phe 


Gly Asp 
175 


Gly Gin Asp Gly Thr 
180 


Gin 


Gly 


Ser 


Ser 


Ser 
185 


Gly 


Gly 


Lys 


Gin Pro 
190 


Thr Glu Gly Glu Gin 
195 
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Asn Ala Tyr Lys Lys Gly Val Thr Asp Ala Leu Ser Gly Leu' Met 
200 205 210 . 

Gly Asn Gly Leu Ser Gin Leu Leu Gly Asn Gly Gly Leu Gly Gly 
215 220 225 

Gly Gin Gly Gly Asn Ala Gly Thr Gly Leu Asp Gly Ser Ser Leu 
230 235 240 

Gly Gly Lys Gly Leu Arg Gly Leu Ser Gly Pro Val Asp Tyr Gin 
245 250 255 

Gin Leu Gly Asn Ala Val Gly Thr Gly lie Gly Met Lys Ala Gly 
260 265 270 

He Gin Ala Leu Asn Asp He Gly Thr His Arg His Ser Ser Thr 
275 280 .285 

Arg Ser Phe Val Asn Lys Gly Asp Arg Ala Met Ala Lys Glu He 
290 295 300 

Gly Gin Phe Met Asp Gin Tyr Pro Glu Val Phe Gly Lys Pro Gin 
305 310 315 

Tyr Gin Lys Gly Pro Gly Gin Glu Val Lys Thr Asp Asp Lys Ser 
320 325 330 

Trp Ala Lys Ala Leu Ser Lys Pro Asp Asp Asp Gly Met Thr Pro 
335 340 345 

Ala Ser Met Glu Gin Phe Asn Lys Ala Lys Gly Met He Lys Arg 
350 355 360 

Pro Met Ala Gly Asp Thr Gly Asn Gly Asn Leu His Asp Ala Val 
365 370 375 

Pro Val Val Leu Arg Trp Val Leu Met Pro 
380 385 

(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1287 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(») SEQUENCE DESCRIPTION: SEQ ID NO:3: 

AAGCTTCGGC ATGGCACGTT TGACOGTTGG GTCGGCAGGG TACGTITGAA 50 

TTATTCATAA GAGGAATACG TT ATG AGT CTG AAT ACA AGT GGG 93 

CTG GGA GGG TCA ACG ATG CAA ATT TCT ATC GGC GGT GOG GGC 135 

GGA AAT AAC GGG TTG CTG GGT ADC AGT OGC CAG AAT OCT GGG 177 
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219 



03 
45 
Bl 

,2£ 
17] 

>i: 

>5! 
59 
63 
68 
72 
76 
8C 
8' 
8! 

9: 



nirr i^ai fViAi ' WX w * » •» ~~ — 

345 

COG QGC CTG AliU »j-o «x« — 

GCC GTG GGT ACC GGT ATC GET ATG AAA GCG GGC ATT CAG GOG 891 



GGT GGC TTA GGC GGT GGC TTA GGT AAT GGC TOG GGT GGC TCA ^ 



; e « n «K«««»»«»» 47i 

GAT GCG CTG lUa v.iV3 ~« 

OT GGC AAC GGG GGA CIS GGA GGT GGX CAG GGC GST AAT GCI 765 



AAT ACC ACT TCA ACA ACA AAT TOC CCG CTG GAC CAG GOG CTG ^ 

CCG ACC GAA ^ « 

GAT GCG CTG TCG GGC CTG ATG GGT AAT GGT CTG AGC CAG CTC 723 



GGT ATT AAC TCA ACG TCC CAA AAC GAC GAT TOC ACC TCC GGC ^ 

GCG CAA GAT QQC ooo * 

CCG ACC QA GGC GAG CAG AAC GCC TAT AAA AAA GGA GTC ACT 681 



ACA GAT TCC ACC TCA GAC TCC AGC GAC COG ATG CAG CAG CTG 
CTG AAG ATG TIC AGC GAG ATA ATG CAA AGC CTG TTT GGT GAT 



CMS TTC ATG GAC CAG TAT CCT GAG GIG TIT GGC AAG CCG CAG 1017 
•IAC CAG AAA Q9C CCG GGT CAG GAG GTG AAA ACC GAT GAC AAA 
TCA TGG GCA AAA GCA CTG AGC AAG CCA GAT GAC GAC GGA ATG 
ACA CCA GCC AGT ATG GAG CAG TTC AAC AAA GCC AAG GGC ATG 
MC AAA AGG CCC ATG GCG GGT GAT ACC GGC AAC GGC AAC CTG 
CAG CAC GOG GTG CCG GTG GTT CTT CGC TGG GTA TTG ATG CCA 1227 
TGA TGGCCGGTGA TGCCATTAAC AATATGXAC TTGGCAAGCr 1270 
QQQ080GGCT TAAGCrr 1287 
(2) INFORMATION FOB SEQ ID NO* 

(ft SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1158 Haije pairs 
(BITYPE: n(jclelc aad 

(C) STRANDEDNESS: single 
PJTOPOLOQY: linear 

(8) MOLECULE TYPE: DN* 

M SEQUENCE DESCRIPTION: SEQ ID NO:4: 
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ATG AGT CTG AAT ACA AGT GGG CTG GGA GOG TCA ACG ATG CAA .42 



ACC AGT CGC CAG AAT GCT GGG TTG GGT GGC AAT TCT GCA CTG 126 

GGG CTG GGC GGC GGT AAT CAA AAT GAT ACC GTC AAT CAG CTG 168 

GCT GGC TTA CTC ACC GGC ATG ATG ATG ATG ATG AGC ATG ATG 210 

GGC GGT GGT GGG CTG ATG GGC GGT GGC TTA GGC GGT GGC TTA 252 

GGT AAT GGC TTG GGT GGC TCA GGT GGC CTG GGC GAA GGA CTG 294 

TOG AAC GGG CTG AAC GAT ATG TTA GGC GGT TOG CTG AAC ACG 336 

CTG GGC TCG AAA GGC GGC AAC AAT ACC ACT TCA ACA ACA AAT 378 

TCC OCG CTG GAC CAG GGG CTG GGT ATT AAC TCA ACG TCC CAA 420 

AAC GAC GAT TCC ACC TCC GGC ACA GAT TCC ACC TCA GAC TCC 462 

AGC GAC COG ATG CAG CAG CTG CTG AAG ATG TIC AGC GAG ATA 504 

ATG CAA AGC CTG TTT GGT GAT GGG CAA GAT GGC ACC CAG GGC 546 

AGT TCC TCT GGG GGC AAG CAG COG ACC GAA GGC GAG CAG AAC 588 

GGC TAT AAA AAA GGA GTC ACT GAT GCG CTG TCG GGC CTG ATG 630 

GGT AAT GGT CTG AGC CAG CTC CTT GGC AAC GGG GGA CTG GGA 672 

GGT GGT CAG GGC GGT AAT GCT GGC ACG GGT CTT GAC GGT TCG 714 

TCG CTG GGC GGC AAA GGG CTG CGG GGC CTG AGC GGG OCG GTG 756 

GAC TAC CAG CAG TTA GGT AAC GCC GTG GGT ACC GGT ATC GGT 798 

ATG AAA GCG GGC ATT CAG GCG CTG AAT GAT ATC GGT ACG CAC 840 

AGG CAC AGT TCA ACC CGT TCT TTG GTC AAT AAA GGC GAT CGG 882 

GCG ATG GCG AAG GAA ATC GGT CAG TTC ATG GAC CAG TAT CCT 924 

GAG GTG TTT GGC AAG OCG CAG TAC CAG AAA GGC COG GGT CAG 966 

GAG GTG AAA ACC GAT GAC AAA TCA TGG GCA AAA GCA CTG AGC 1008 

AAG CCA GAT GAC GAC GGA ATG ACA CCA GCC AGT ATG GAG CAG 1050 

TTC AAC AAA GCC AAG GGC ATG ATC AAA AGG OOC ATG GCG GGT 1092 

GAT ACC GGC AAC GGC AAC CTG CAG CAC GCG GTG COG GTG GTT 1134 
CTT CGC TGG GTA TTG ATG CCA TGA 1158 
(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 



ATT TCT ATC GGC GGT GCG GGC GGA AAT AAC GGG TTG CTG GGT 



84 



(A) LENGTH: 2 

(B) TYPE: r 

(C) STRANDEDNESS: 

(D) TOPOLOGY: I 



222 base pairs 
nucleic acid 



linear 
DMA 



single 



(ii) MOLECULE TYPE: 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
CGGTAAACCG GATACCAGAA AGATQQCTQG AGTTCGCCAG AAGAOGGACG 50 
ACAAATCCK5 GGCTAAAGOG CTGAGDAAC GGGftlGAIGA. CGGIATGACC 100 
GGTCTGGCAG CATGGACAAA TTCCGTCAGG OGATGQGTAT GATCAAAAGC 150 
GCGGIGGCGG GIGATADCGG CAATACCAAC CTG&ATCTGC GTGGCGCGGG 200 
OGCTQCATCG CTGGGTATOG AT 222 

Thus while we have illustrated and described the preferred 
embodiment of our invention, it is to be understood that this invention 
is capable of variation and modification, and we therefore do not wish 
to be limited to the precise terms set forth, but desire to avail 
ourselves of such changes and alterations which may be made for 
adapting the invention to various usages and conditions. Such 
variations and modifications, for example, would include the 
substitution of structurally similar sequences, for both the elicitor and 
hrpN genes provided herein (whether derived from natural sources or 
synthetically manufactured), which function to yield substantially 
similar activities to those specifically described above. Thus, changes 
in sequence by the substitution, deletion, insertion or addition of 
nucleic acids (in the DNA sequences) or amino acids (in the peptide 
sequences) which do not substantially alter the function of those 
sequences specifically described above are deemed to be within the 
scope of the present invention. Accordingly, such changes and 
alterations are properly intended to be within the full range of 
equivalents, and therefore within the purview of the following claims. 

Having thus described our invention and the manner and a process 
of making and using it in such full, clear, concise and exact terms so as 
to enable any person skilled in the art to which it pertains, or with 
which it is most nearly connected, to make and use the same; 
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We claim: 

1. Escherichia coli DH5a(pCPP1 084) which is ATCC 69021. 

2. An isolated peptide which when applied to the surface or 
internal tissues of a plant is capable of eliciting a hypersensitive 
response in the plant. 

3. A peptide according to Claim 2 which is protease sensitive, 
acidic, has a molecular size of approximately 44 kD, a pi of 
approximately 4.3, and is heat-stable at 100°C tor at least 1 minute. 

4. A peptide according to Claim 2 which is functionally similar 
to an elicitor expressed by hrpN genes of Erwinia, Pseudomonas, or 
Xanthomonas: 

5. A peptide according to Claim 4 wherein the peptide is 
associated with the cell surface of Erwinia, Pseudomonas, or 
Xanthomonas. 

6. A biologically active peptide from the group consisting of 

Mat Ser Leu Asn Thr Ser Gly Leu Gly Ala Ser Thr Met Gin He 
5 10 15 • 

Ser He Gly Gly Ala Gly Gly Asn Asn Gly Leu Leu Gly Thr Ser 
20 25 30 

Arg Gin Asn Ala Gly Leu Gly Gly Asn Ser Ala Leu Gly Leu Gly 
35 40. 45 

Gly Gly Asn Gin Asn Asp Thr Val Asn Gin Leu Ala Gly Leu Leu 
50 55 60 

Thr Gly Met Met Mat Met Met Ser Met Mat Gly Gly Gly Gly Leu 
65 70 75 

Met Gly Gly Gly Leu Gly Gly Gly Leu Gly Asn Gly Leu Gly Gly 
80 85 90 

Ser Gly Gly Leu Gly Glu Gly Leu Ser Asn Ala Leu Asn Asp Met 
95 100 105 

Leu Gly Gly Ser Leu Asn Thr Leu Gly Ser Lys Gly Gly Asn Asn 
110 115 120 

Thr Thr Ser Thr Thr Asn Ser Pro Leu Asp Gin Ala Leu Gly He 
125 130 135 

Asn Ser Thr Ser Gin Asn Asp Asp Ser Thr Ser Gly Thr Asp Ser 
140 145 150 

Thr Ser Asp Ser Ser Asp Pro Met Gin Gin Leu Leu Lys Met Phe 
155 160 165 
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A3 






O — PI « t Tl a KJa4- PI « CrtV T i>-\i <i 

Ser Giu lie Met Gin oer Leu 


OVkA Pit* TV CT-\ Pi If 

rne biy Asp ijiy 


oXIi ASp biy 


inr 




175 




180 


Gin Gly Ser Ser Ser biy biy 


Lys bin rro inr 


pi »« pi Pl*% 

blU biy blU 


PI _ 

bin 


n oc: 


1 Q0 

X^J 






Asn Ala Tyr Lys Lys Gly vai 


inr Asp Aia Leu 


oer biy Leu 


Met 


200 


205 




210 


biy Asn biy jjcu oer uin jjcu 


jJcu oxy rioii oxy 


vaxy xicu oxy 


oxy 


215 


220 




225 


pi,. pl n Plw Pit? Acn Ala 

biy bin oiy biy Asn Axa vjxy 


XXIX oxy IcU nop 


Plif Car Cnv 

v?xy ocx oexv 


IcU 


230 


235 




240 


pi, , , . T « rr« Pl« • T An 7v >«vr Pitt 

biy biy Lys biy Leu Arg biy 


lcii oer oxy rro 


vax Asp lyr 


bin 


245 


250 




255 


Gin Leu Gly Asn Aia vai biy 


fT%-^ w> Pl.t Tl A PT > m 

inr biy lie biy 


Met Lys Aia 


PI - . 

biy 


260 


265 




270 


lie bin Aia jjbu ash Asp xxe 


oxy xnr ins Arg 


LI 4 o Pav Cav> 

rixs oer oer 


inr 


275 


2R0 




2fl5 


Arg Ser Pne Vai Asn Lys Gly 


Asp Arg Ala Met 


Ala Lys Giu 


lie 


9Q0 






300 


Gly Gin Pne Met Asp Gin Tyr 


Pro Giu vai Pne 


Gly Lys Pro 


PI 

Gin 


jUj 


^10 

JXU 






Tyr Gin Lys Gly Pro Gly bin 


Giu vai Lys inr 


Asp Asp Lys 


Ser 


390 






330 


lrp Ala Lys Ala Leu oer Lys 


pro ASp ASp ASp 


biy Met inr 


Pro 


335 


340 




345 


/via oer Met biu oxn rue nsn 


xys Aia iys biy 


luUf T1 Q T we 

roet ne Lys 


Arg 


350 


355 




360 


w»> VA>v4- TV 1 ^ Pitt 7V erv\ TO-* >- Plti 

pro wet Aia biy Asp inr biy 


Asn biy Asn ieu 


illS Asp Aia 


vai 


j DO 








Pro Vai Vai Leu Arg Tip Vai 


Leu Met Pro 






380 


385, 







a similar sequence having at le^st pne amino ^cid addition thereto, a 
similar sequence having at least onQ ^mino ^cjd deletion thereto, a 
similar sequence haying at least one amino #cid substitution thereto, 
and a similar sequence having at le^st one amino acid insertion thereto, 
with the provision that such addition, deletion, substitution, and 
insertion does not inhibit the biological activity of the 385 amino acid 
sequence. 
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7. A method to alter the disease or hypersensitive response in a 
plant which comprises providing said plant with an inhibitor of the 
harpin elicitor. and allowing said inhibitor to react with the harpin 
elicitor. 

8. A method according to Claim 7 wherein the inhibitor is a 
protease. 

9. A method according to Claim 7 wherein the inhibitor is an 
antibody to harpin. 

10. A method according to Claim 7 wherein the inhibitor is 
genetically expressed in response to a stimulus. 

11. A gene for insertion into an appropriate host to allow for the 
expression of harpin which consists of a nucleic acid sequence selected 
from the group 

ATG AGT CTG AAT ACA AGT GGG CTG GGA GCG TCA ACG ATG CM 42 
ATT TCT ATC GGC GGT GCG GGC GGA AAT AAC GGG TTG CTG GGT 84 
ACC AGT CGC CAG AAT GCT GGG TTG GGT GGC AAT TCT GCA CTG 126 
GGG CTG GGC GGC GGT AAT CAA AAT GAT ACC GTC AAT CAG CIG 168 
GCT GGC TTA CTC ACC GGC ATG ATG ATG ATG ATG AGC ATG ATG 210 
GGC GGT GGT GGG CTG ATG GGC GGT GGC TEA GGC GGT GGC TEA 252 
GGT AAT GGC TTG GGT GGC TCA GGT GGC CTG GGC GAA GGA CTG 294 
TOG AAC GCG CTG AAC GAT ATG TTA GGC GGT TCG CTG AAC ACG 336 
CTG GGC TCG AAA GGC GGC AAC AAT ACC ACT TCA ACA ACA AAT 378 
TOG GCG CTG GAC CAG GCG CTG GGT ATT AAC TCA ACG TCC CAA 420 
AAC GAC GAT TCC ACC TCC GGC ACA GAT TCC ACC TCA GAC TOG 462 
AGC GAC COG ATG CAG CAG CTG CTG AAG ATG TTC AGC GAG ATA 504 
ATG CAA AGC CTG TTT GGT GAT GGG CAA GAT GGC ACC CAG GGC 546 
AGT TCC TCT GGG GGC AAG CAG COG ACC GAA GGC GAG CAG AAC 588 
GCC TAT AAA AAA GGA GTC ACT GAT GCG CTG TCG GGC CTG ATG 630 
GGT AAT GGT CTG AGC CAG CTC CTT GGC AAC GGG GGA CTG GGA 672 
GGT GGT CAG GGC GGT AAT GCT GGC ACG GGT CTT GAC GGT TCG 714 
TCG CTG GGC GGC AAA GGG CTG COG GGC CTG AGC GGG COG GTG 756 
GAC TAG CAG CAG TTA GGT AAC GCC GTG GGT ACC GGT ATC GGT 798 
ATG AAA GCG GGC ATT CAG GCG CTG AAT GAT ATC GGT ACG CAC 840 
AGG CAC AGT TCA ACC GGT TCT TTC GTC AAT AAA GGC GAT CGG 882 
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45 



GOG ATG GOG AAG GAA ATC GGT CAG TTC ATC GAC CAG TAT CCT 924 
GAG GTG TTT GGC AAG CCG CAG TAC CAG AAA GGC COG GGT CAG 966 
GAG GTG AAA ACC GAT GAC AAA TCA TGG GCA AAA GCA CTG AGO 1008 
AAG CCA GAT GAC GAC GGA ATG ACA CCA GCC AGT ATG GAG CAG 1050 
TTC AAC AAA GCC AAG GGC ATG ATC AAA AGG CCC ATG GCG GGT 1092 
GAT ACC GGC AAC GGC AAC CTG CAG CAC GCG GTG COG GTG GTT 1134 
CIT CGC TGG GTA TTG ATG CCA TGA 1158, 

a similar sequence having at least one nucleic acid addition thereto, a 
similar sequence having at {east one nucleic acid deletion thereto, a 
similar sequence having at least one nucleic acid substitution thereto, 
and a similar sequence having at least one nucleic acid insertion 
thereto, in combination with a vector for insertion of the sequence into 
the appropriate host, and with the provision that such addition, 
deletion, substitution and insertion does not inhibit the biologic 
expression of harpin. 
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